(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(19) World Intellectual Property Organization 
International Bmeau 

(43) International Publication Date 
!2 September 2003 (12.09.2003) 



PCT 


lllllllllllllil 


(10) International Publication Number 

wo 03/075305 A2 


(51) International Patent Classification^: 


HOIJ 37/00 


(21) International Application Number: PCT/GB 03/0073 3 

(22) international Filing Date: 20 February 2003 (20.02.2003) 

(25) Filing Language: English 

(26) Publication Language: English 


(30) Priority Data: 

10/091,351 
10/259,827 


6 March 2002 (06.03.2002) US 
30 September 2002 (30.09.2002) US 


(71) Applicant: APPLIED MATERIALS, INC, [US/US]; 
3050 Bowers Avenue, Santa Clara, CA 95054 (US). 

(71) Applicant (for LR only): CROSS, Rupert, Edward, 
Blount [GB/GB]; Verulam Gardens, 70 Gray's Inn Road, 
London WCIX 8BT (GB). 

(72) Inventors: FARLEY, Marvin; 16 Mill Road, Ipswich, 
MA 01938 (US). SAKASE, Takao; 27 Green Needle 
Lane, Rowley, MA 01938 (US). SATOH, Shu; 1 1 Laricin 
Road, Byfield, MA 01922 (US). RVDING, Geoffrey; 30 
Masconomo Street, Manchester, MA 01944 (US). ROSE, 
Peter; 86 Phillips Avenue, Rockport, MA 01966 (US). 
CHRISTOU, Chrtstos; 22 Oakhill Road, Horsham, West 
Sussex RH13 5SE(GB). 


(74) Agents: CROSS, Rupert, Edward, Blount et al.; Boult 
Wade Tennanl- Verulam Gardens, 70 Gray*s Inn Road, 
London WCIX 8BT (GB). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HIJ, ID, IL, IN, IS. JP, KE, KG, KR KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SB, 
SG, SK, SL, TJ, TM, TN, TR, TF, TZ, UA, UG, UZ, VC, 
VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, TO, IE, IT, LU, MC, NL, PT, SE, SF, 
SK, TR), OAPl patent (BF, BJ, CF, CG. CI, CM, GA, GN, 
GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two- letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 


< 

m — 

IT) (54) Title: INDIRECTLY KEATED BUTTON CATHODE FOR AN ION SOURCE 

(57) Abstract: An indirectly heated button cathode for use in the ion source of an ion implanter has a button member formed of a 
slug piece mounted in a collar piece. The slug piece is thermally insulated from the collar piece to enable it to operate at a higher 
temperature so that electron emission is enhanced and concentrated over the surface of the slug piece. The slug piece and collar piece 
can be both of tungsten. Instead the slug piece may be of tantalum to provide a lower thermionic work function. The resultant con- 
centrated plasma in the ion source is effective to enhance the production of higher charge state ions, particularly P"^ for subsequent 
»^ acceleration for high energy implantation. 
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Field of the Invention 
This invention relates to an indirectly heated 
button cathode for an ion source, in particular for 
use in an ion implanter for implanting ions into 
target substrates such as semiconductor wafers. 


Background of the Invention 
It is known to use indirectly heated cathodes in' 
the arc chambers of ion sources. In such 
arrangements, the cathode is formed as a button having 
15 a front thermionic electron emitting surface and a 
rear surface. The button is typically heated by 
electron impact on the rear surface, by electrons 
emitted and accelerated from a filament located behind 
the rear surface of the cathode button. With this 
construction, the filament is protected from 
sputtering by energetic particles in the arc plasma 
formed in the arc chamber of the ion source. The 
heated cathode button emits thermionic electrons at 
its front surface, and these are accelerated by the 
25 arc potential in the arc chamber, to initiate and 

maintain the required arc. The cathode button can be 
made relatively thick and substantial, by comparison 
to directly heated filament cathodes, to give the 
cathode longer life in operation. 

An indirectly heated button cathode for an ion 
source is disclosed in US 5497006. 

Certain processes in • the manufacture of 
semiconductor devices require the implantation of 
atomic species at relatively high energies, so that 
the species are implanted at greater depths in the 
semiconductor substrate. High energy ion implanters 
are disclosed in US 4667111 and in US 6423976. 


These prior art high energy implanters use rf linear 
accelerators to accelerate the ions to the' high 
energies required for implantation. Other forms of 
high energy accelerators are also known for use in ion 
5 implanters, including radio frequency quadrupole (RFQ) 
accelerators and tandetron accelerators. Such devices 
have been used to produce singly charged ions of 
species desired for implantation at energies up to 
.between 500 KeV and 2 MeV. Fixed voltage 

10 electrostatic accelerators are also known which can 
provide singly charged ions at energies in excess of 
200 KeV. However, for. higher energies it is known to 
use ions of the desired species at higher charge 
states, typically doubly or triply charged. The 

15 energy delivered to a charged particle by an electric 
field is directly proportional to the number of 
charges on the particle. 

The operation of ion sources can be optimised to 
enhance the production of ions at higher charge 

20 states. However this usually involves operating the 
ion source with a more intense arc, so that the life 
of consumable elements within the ion source, 
particularly the cathode, is reduced. A compromise is 
usually made between cathode life and the beam current 

25 at the desired higher charge state. 

Attempts have been made to improve the 
performance of ion sources in order to maximise 
cathode life, while operating the cathode to generate 
relatively high currents of desired multiply charged 

30 spe'cies. For example, ''ELS2: Extended Life Source 
With Dual Cathode'', I. Jonoshita et al. Ion 
Implantation Technology - 98 pp. 239-241, describes a 
scheme using a second button cathode in the arc 
chamber of an ion source to replace the usual electron 

35 reflector. A modest increase in life time is 

demonstrated. Reference may also be made to US 
5703372. • ' 
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Summary of i- he In vp^ntri r^r, 
It is an object of the present invention to 
provide an improved cathode structure for the ion 
source of an ion implanter to enable the ion source to 
be optimised for the production of multiple charge 
state ions with a satisfactory cathode life time. 

Accordingly, the invention provides an indirectly 
heated cathode for an ion source comprising a button 
member having a front face for emitting thermionic 
electrons, when in use, to form a plasma and a rear 
face opposite to said front face for exposure to 
electron heating in use, the button member comprising 
a collar piece and a slug piece secured in the collar 
piece, the slug piece providing respective central 
portions of the front and rear faces of the button 
member and the collar piece providing respective 
peripheral portions of the front and rear faces 
surrounding said central portions, the button member 
having a thermal barrier between the slug piece and 
the collar piece so that the central portion of the 
front face of the button member is at a higher 
temperature than the peripheral portion thereof, when 
the central portion of the rear face of the button 
member is electron heated in use. ' . 

Because of the thermal barrier between the 
central slug piece of the button member and the collar 
piece, the thermal mass to be heated is reduced and 
the central portion of the front face of the button 
member can be heated to a higher temperature to 
increase thermionic emission. The electron emission 
area of the cathode can therefore be reduced in size, 
resulting in a more concentrated plasma within the arc 
chamber. The more concentrated plasma tends to have a 
higher energy density resulting in more favourable 
production of ions at higher charge states. Both the 
Slug piece and the collar piece of the button member 
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may be of tungsten and can be made thicker to maximise 
cathode life. 

The invention also provides an indirectly heated 
button cathode for an ion source, comprising a button 
5 member having a front face for emitting thermionic 
electrons, when in use, to form a plasma, said face 
for emitting having a central portion provided by a 
first material having a first thermionic work function 
and a peripheral portion, around said central portion, 

10 provided by a second material having a second 

thermionic work function greater than said first work 
function. Because the central portion of the electron 
emitting face of the button cathode has a lower work 
function than the peripheral portion, electron 

15 emission is concentrated, in use, from the central 
portion- In a particular embodiment, a slug of 
tantalum is fitted in a collar of tungsten in order to 
form the button member of the cathode. 

The slug piece can be made thicker than the 

20 collar piece, so that the slug protrudes rearwards of 

the rear face of the button. As a result, the rear 
face of the slug piece receives the dominant part of 
the electron heating by the accelerated electrons from 
the filament located behind the cathode button member. 

25 Also, the- front face of the slug piece, forming 

the central portion of the thermionic electron 
emitting face of the button member, may be made 
concave- This produces a slight focus of the primary 
electrons emitted from the front face, so as further 

30 to increase the energy density of the plasma. 

The modified button cathode can be used to 
replace prior art button cathodes, typically having a 
solid tungsten button member, with minimum additional 
modification of the ion source. 


35 


Brief Description of the Drawings 
An example of the invention will now be described 
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with reference to the accompanying drawings in which: 
Figure 1 is a cross-sectional view of the arc 

chamber of an ion source for use in an ion implanter 

and including a modified button cathode embodying the 
5 present invention; 

Figure 2 is a front view of the modified button 

cathode embodying the invention; 

Figure 3 is a cross-sectional view of the button 

cathode, taken along line A-A of Figure 2; and 
10 Figure 4 is a perspective view. of the button 

cathode. 

Detailed Description of the Preferred Embodiment 
In the description and claims that follow, 

15 relative terms such as upper and lower, rear and front 
have been used for simplicity of description. Upper 
and lower have been used only with reference to the 
orientation of the example illustrated in Figure 1 of 
the drawings, and, in an actual installation of the . 

20 embodiment, any orientation relative to vertical is 

feasible. Rear and front have been used such that the 
distinction should be apparent from the context. For 
example, the terms are used with reference to the arc 
chamber in accordance with the convention that the ion 

25 beam, is emitted from the front. Similarly, the term 

front is used with reference to the face of the button 
member of the cathode to denote the face which is 
directed away from the neighbouring arc chamber wall 
and into the interior of the arc chamber. • 

30 In Figure 1, the arc chamber of an ion source 

comprises an arc chamber body 10 having a rear wall 11 
and upper and lower end walls 12 and 13. The rear 
wall 11 and upper and lower end walls 12 and 13 are 
protected by graphite liners 14, 15 and 16, The arc 

35 chamber has a front plate 17 which provides a slit 
opening 18 through which ions formed in the arc 
chamber can be extracted to provide the required ion 
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The upper end wall 12 of the arc chamber body 10 
has an aperture 18 in which is mounted a cathode 
structure 19. The cathode structure 19 comprises a 
5 cylindrical body 20 bearing a button member 2-1 at its 
lower end- The cylindrical body is clamped in 
position by clamping members 22 which are in turn 
secured on electrically insulating mounts 23 to an ion 
source part 24 at the rear of the arc chamber body 10. 

10 The clamping members 22 hold the cylindrical body 20 
of the cathode structure in spaced relation to" the 
aperture 18 through the upper end wall 12 of the arc 
chamber body, and a corresponding aperture through the 
graphite liner 15, with the button member 21 

15 penetrating a short distance into the interior of the 
arc chamber. 

A tungsten filament 25 is also clamped by 
additional clamping members 26 so that filament 
element 27 is positioned a short distance to the rear 

20 of button member 21 within the cylindrical cathode 
body 20. 

In the described embodiment, a bar 28 is secured 
across the outer end of the cylindrical cathode body 
20, and one connecting lead to the filament element 27 

25 extends on each side of the bar 28 out through , the 

upper open end of the cylindrical cathode body 20 to 
be secured in the clamping member 26. 

The lower end wall 13 of the arc' chamber body 10 
has an aperture 2 9 communicating with the inside of 

30 the arc chamber through a corresponding aperture in 
the graphite liner 16. An anti-cathode or electron 
reflector 30, typically of tungsten, is mounted by 
means of a clamping arrangement 31 so as to extend 
through the aperture 29. The electron reflector 30 is 

35 formed with a shaft portion 32 having an outer end 

held in the clamp 31, extending in spaced relationship 
with the interior wall surface of the aperture 29- 
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. The shaft portion 32 is connected to a head portion 33 
by means of a neck portion 34. The head portion 33 is 
circular about the axis of the shaft portion 32 and 
has a diameter substantially the same as or slightly 
greater than the diameter of the button member 21 of 
the cathode structure 19, and an axial thickness of 
about 6 mm. The clamping arrangement 31 supporting 
the electron reflector 30 is itself mounted by an 
insulating mount 35 on the ion source part 24. 

A feed tube 36 is fitted through the rear wall 11 
of the arc chamber body 10, in order to provide a feed 
of a desired process gas to the arc chamber for 
generating desired ions for implantation. 

The ion source arc cham.ber described above and 
illustrated in Figure 1 is of the Bernas type and as 
will be known to the skilled person, a magnetic field 
extending axially between the cathode and the electron 
reflector is provided by magnet arrangements which are 
not shown in Figure 1 , 

In operation, a filament current from a filament 
supply (not shown) flows through the tungsten filament 
27. The filament 27 is also biased negatively 
relative to the cathode structure 19. Thermionic 
electrons emitted by the filament 27 are thus 
accelerated to impact the rear face of the cathode 
button member 21, in order to heat the button member 
to a required thermionic electron ■ emission 
temperature. The cathode structure 19, including the 
button member 21, is itself negatively biased by an 
arc supply, so as to provide an arc potential between 
the button member 21 and the body 10 of the arc 
chamber. Thermionic electrons emitted from the front 
(lower) face of the button member 21 are confined by 
the magnetic field to travel substantially axially 
between the cathode button member 21 and the head 33 
of the electron reflector 32. The electron reflector 
32 is typically also biased relative to the cathode 
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body 10, at the same potential as the cathode 
structure 19. 

The energetic primary thermionic electrons from 
the cathode button member 21 ionise molecules of the 
5 process gas fed into the arc chamber by the feed tube 
36, to produce a plasma in the arc chamber in the 
space between the cathode button member 21 and the 
head 33 of the electron reflector. As is known to 
those skilled in this art, the process feed gas is 

10 selected to include atoms of the species to be 

implanted and the plasma within the arc chamber may 
produce ions of various molecular and atomic species 
resulting from dissociation of the feed gas. molecules. 
Furthermore, it is known that the gaseous species in 

15 the plasma in the arc chamber may be ionised to 

different charge states- Higher charge states are 
typically generated as a result of increased energy . 
density within the plasma. 

As can be seen in Figure 1, the button member 21 

20 of the cathode structure 19 comprises a central stud 
or slug piece 40 fitted in an outer collar piece 41. 
This structure will be described in greater detail 
with reference to Figures 2 to 4 . The cathode 
structure comprises a cylindrical body 20 which is 

25 typically made of tungsten. The body 20 has opposed 
cutouts 42 and 43, essentially dividing the 
cylindrical body into an inner end 44 carrying the 
collar piece 41 of the button member 21, and an outer 
end 45 by which the cathode structure is secured by 

30 the clamping arrangement 22 as shown in Figure 1. The 
collar piece 41 of the button member is formed with an 
external annular rebate 46 which forms a press fit 
■ with a slightly rebated inside edge 47 of the inner 
end 44 of the cathode body 20. In assembly, the 
35 collar 41 is also formed of tungsten and is press 
fitted to engage with the inner end -of the cathode 
body 20. The two parts are then electron beam welded 
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together. 

The collar piece 41 carries the cylindrical slug 
piece 40 of the cathode button member. The slug piece 
40 in this example is also made of tungsten. The slug 
5 piece 40 is fitted in a cylindrical bore 48 in the 

collar piece 41. The bore 48 has a first outer length 
portion 50 adjacent the front face of the button 
member and a second inner length portion 4 9 adjacent 
the rear face of the button member. The inner portion 

10 4 9 has a diameter slightly less than the diameter of 
the outer portion 50 of the bore 48. The ' difference 
in diameter may be as small as about 0.2 mm. The 
outer diameter. of the slug piece 40 may be 
substantially the same as the diameter of the outer 

15 portion 50 of the bore 48. On assembling the parts^. 

the slug piece 40 is shrink fitted into the bore 48, . 
by cooling the slug 'piece 40 in liquid nitrogen. 
Then, the primary connection between the slug piece 40 
and the collar piece 41 is only at the inner portion 

20 49 of the bore 48 and the slug piece 40 fits freely in 
. the outer, portion 50 of the bore 48. As a result, the 
thermal conduction between the slug piece 40 and the 
collar piece 41 is reduced and a thermal barrier is . 
formed between the two parts. 

25 The axial length of the inner portion 49 of the 

bore 48 is preferably significantly less than 
(typically no more than 20% of) the length of the 
outer portion 50 so as to minimise the surface area of 
good thermal contact between the slug piece 40 and the 

30 collar piece 41. 

In the illustrated example, the bore 48 has a 
total axial length of about 6 mm and the inner portion 
49 has a length of about 1 mm.- 

The free fit between the slug piece 40 and the 

35 collar piece 41 over the greater part of the bore 48 

provides a poor thermal contact over this region. The 
outer portion 50 of the bore 48 may be slightly larger 
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in diameter than the slug piece 40 to provide a small 
annular gap between the two parts during operation. 
However any such gap should be as small as possible 
consistent with the requirement that heat loss by 
conduction from the slug piece 40 over the axial 
length of the outer portion 50 of the bore 48 is 
reduced. 

The thermal barrier between the slug piece 40 and 
the collar piece 41 may be produced by any technique 
which reduces the contact area between the two parts, 
while still permitting the collar piece 41 to have 
substantial axial thickness approaching that of the 
slug piece 40. For example, the inner portion 49 of 
the bore 48 may be formed to have, in axial 
cross-section, a pyramidal or trapezoidal shape to 
reduce further the contact area with the slug piece 
40. 

Also, instead of the collar piece 41 having the 
reduced diameter inner portion 49, the- bore 48 may 
have a uniform diameter sized to provide a free fit 
over most of the length of the slug piece 40, and the 
slug piece 40 may then have an enlarged annular rib at 
an axial position to grip the inner end of the bore 
48. 

As can be seen in Figure 3, the slug piece 40 has 
a rear .face 51 protruding rearwardly by a short 
distance, typically about 1 mm, beyond the rear face 
of the collar piece 41. Also, the front face 52 of 
the slug piece 40 is formed to be spherically concave. 
In one example, the slug piece may have a length of 
about 7 mm and a diameter of about 8 mm and the radius 
of curvature of the concave front surface 52 of the 
slug piece may be about 10 mm. In this example, the 
outer diameter of the collar piece 41 may be about 16 
mm and the axial thickness may be about 6 mm. 

The indirectly heated button cathode described 
above and illustrated in the drawings has a number of 
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advantages over prior art cathodes. 

Because the slug piece 40 protrudes rearwardly 
relative to the collar piece 41 as shown in Figure 3, 
the electric field between the filament 27 (Figure 1) 
5 inside the cathode body 20, and the rear of the button 
member -21, is enhanced over the rear face 51 of the 
slug piece 40. As a result, heating of the button 
member by the electron flux from the filament 27 is 
concentrated over the rear face of the slug piece. 
10 Because of the thermal break provided by the 

method of securing the slug piece 40 within the collar 
piece 41, thermal conduction from the slug piece 40 to 
the collar piece 41 is reduced. The thermal mass to 
be heated by electron impact on the rear face 51 is 
15 accordingly reduced, as are thermal losses from the 

slug piece 40 itself. In practice the rear face. 51 of 
the slug piece 40 may be heated close to the melting 
point of the material used, e.g. tungsten. The 
thermal break allows the front face 52 of the slug 
20 piece 40 to operate at a higher temperature, thereby 
enhancing thermionic- emission of electrons from the 
front face 52, i.e. the central portion of the front 
face of the. button member. 

Importantly, the front face of the collar piece 
25 41 is in substantially the same plane as the front 
face of the slug piece 4 0 and the slug and collar 
pieces have nearly the same axial length. This 
prevents premature failure of the cathode by erosion 
of the collar piece during. operation. Also, because 
30 the mechanical connection between the slug piece 40 

and the collar piece 41 is adjacent to the inner face 
of the collar piece, the cathode can tolerate erosion 
of nearly the full axial thickness of the collar piece 
41 before failure. The .design provides the benefit of 
35 a button member having substantial axial thickness 

over the full front face area of the button member and 
yet avoids the consequential problem of the high 


wo 03/075305 


PCT/GB03/00733 


- 12 - 


10 


15 


20 


25 


30 


35 


thermal mass of the whole button member by providing 
the thermal barrier. 

The concave shape of the front face 52 of the 
slug piece 40 tends to concentrate thermionically 
emitted electrons towards the axis of the arc chamber. 

These features identified above serve to enhance 
the concentration of plasma generated in the arc 
chamber, enabling an increased plasma density, whilst 
maintaining a satisfactory cathode life time. This 
permits the arc chamber to be operated to optimise the 
production of ion species at higher charge states., m 
particular the ion source can be optimised for the 
production of triply charged phosphorus ions. 

For an arc voltage of 100 Volts and an arc 
current of about 2.7 Amps, the lifetime of the cathode 
embodying the invention and described above is more 
than 50 hours when continuously running a P^** beam of 
1.7 itiA. By comparison a prior art cathode with a 
solid tungsten button member under the same arc 
voltage and arc current provides a p-* beam current of 
only 0.5 mA and burns out in just 16 hours. 

In another embodiment, the slug piece 4 0 is made 
of tantalum. Tantalum has a lower thermionic work 
function (4.25 eV) than tungsten (4.55 eV) . As a 
result, when the button member comprising the tantalum 
slug piece 40 and tungsten collar piece 41 is heated, 
electrons are thermionically emitted preferentially 
from the front face 52 of the tantalum slug piece 40, 
even if the front face portions of both the slug piece 
40 and the surrounding collar piece 41 are at the same 
temperature. Instead of tungsten and tantalum, other 
materials having appropriate work functions may be 
employed for the collar piece 41 and slug piece 40 
For example the collar could be made of Rhenium (work 
function 4.96 eV) , in combination with a slug of Ta or 
W. 

It has also been observed that the Ta slug 
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cathode produces less spurious arcing during 
operation. This may be because the Ta slug piece is. 
operating near its melting point (about 2850°C) , and 
therefore recrystallises quickly, eliminating small 
5 grain structure. Sputtering of the cathode during 
operation can cause the small grains to become 
dislodged and cause a spurious arc discharge. 

The counter cathode 30 may also made of tantalum. 
This can contribute to improved performance by 
10 reducing spurious arcing as outlined above. 

In other examples of .the invention, the central 
portion of the button, member, may have a lower 
thermionic work function than the collar portion but ' 
without the thermal break between the two portions. ' 
In further examples the central portion may have a 
flat electron emitting face or may have the same axial 
thickness as the rest of the button member portion. 
In a still further example, the button member may be 
made as a single disc of tungsten or tantalum with at 
least a central part of the front electron emitting 
face formed to be concave. 

Other arrangements are also within the scope of 
the invention as. defined by the following claims. 


15 


20 
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CLAIMS : 


1 . An indirectly heated cathode for an ion source 
comprising a button member having a front face for 

5 emitting thermionic electrons, when in use, to form a 
plasma and a rear face opposite to said front face for 
exposure to electron heating in use, the button member 
comprising a collar piece and a slug piece secured in 
the collar piece, the slug piece providing respective 

10 central portions of the front and rear faces of the 
button member and the collar piece providing 
respective peripheral portions of the front and rear 
faces surrounding said central portions, the button 
member having a thermal barrier between the slug piece 

15 and the collar piece so that the central portion of 
the front face of the button member is at a higher 
temperature than the peripheral portion thereof, when 
the central portion of the rear face of the button 
member is electron heated in use. 

20 

2. An indirectly heated cathode as claimed in either 
Claim 1 or Claim 2, wherein the peripheral portion of 
said front face provided by the collar piece is 
substantially co-planar with at least a 

25 circumferential part of the central portion of said 
front face provided by the slug piece. 

3. An indirectly heated cathode as claimed in Claim 
1, wherein the collar piece has a central bore 

30 accommodating the slug piece, and one of the central 
bore and the slug piece has a first length portion 
adjacent said front face which is sized to provide a 
free fit between the* collar piece and the slug piece 
along said first length portion and a second length 

35 portion adjacent said peripheral portion of said rear 
face which is sized to grip the slug piece in the 
collar piece, the second It^ngth portion extending less 
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than half the total length of said bore. 

4. An indirectly heated cathode as claimed in Claim 
3, wherein the second length portion extends less than 
20% of the total length of the bore. 

5. An indirectly heated cathode as claimed in any 
preceding claim, wherein the slug piece protrudes 
rearwardly relative to the collar piece so that the 
central portion of the rear face of the button member 
is rearward of the peripheral portion of said rear 
face. 


6. An indirectly heated cathode as claimed in any 
15 preceding claim, wherein the slug piece and the collar 
piece of the button member are made of the same 
material . 


10 


20 


7. An indirectly heated cathode for an ion source, 
comprising a tubular support by which the cathode can 
be held in position in an arc chamber of an ion 
source, said tubular support having a front end to be 
directed, in use, into the arc chamber, and a rear end 
to be directed, in use, outwards from the arc chamber, 
25 a collar piece partially closing the front end of the 
tubular support and defining a central bore extending 
through the collar piece, a slug piece secured in said 
central bore and having an outwardly directed front 
face for emitting thermionic electrons, in use, to 
form a plasma in the arc chamber, and an inwardly 
directed rear face for exposure to electron heating, 
in use, and a thermal barrier between the slug piece 
and the collar piece to restrict thermal conduction 
from the slug piece to the collar piece. 


30 


35 


8. An indirectly heated button cathode for an ion 
source, comprising a button member having a front face 
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for emitting thermionic electrons, when in use, to 
form a plasma, said face for emitting having a central 
•portion provided by a first material having a first 
thermionic work function and a peripheral portion, 
5 around said central portion, provided by a second 
material having a second thermionic work function 
greater than said first work function. 

9, An indirectly heated button cathode as claimed in 
10 Claim 8, wherein said central portion is circular and 
said second portion is annular. 

10- An indirectly heated button cathode as claimed in 
either Claim 8 or Claim 9, wherein said button member 
15 comprises a collar of said second material and a slug 
of said first material secured in said collar. 

11. An indirectly heated button cathode as claimed in 
Claim 10, wherein said button member has a rear face 

20 opposite to said front face, for exposure to electron 
heating in use, and said slug protrudes rearwards 
relative to said collar. 

12. An indirectly heated button cathode as claimed in 
25 any of Claims 8 to 11, wherein at least part of said 

face for emitting is concave, 

13. An indirectly heated button cathode as claimed in 
Claim 12, wherein said central portion of said face 

30 for emitting is concave. 

14. An indirectly heated button cathode as claimed in 
any of Claims 8 to 13, wherein said second material is 
tungsten. 

35 

15. An indirectly heated button cathode as claimed in 
any of Claims 8 to 14, wherein said first material is 
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tantalum, 

16, An indirectly heated cathode for an ion source 
comprising a button member having a front face for 

5 emitting thermionic electrons, when in use, to form a 
plasma, at least part of said face for' emitting being 
concave . 

17. An indirectly heated cathode for an ion source as 
10 claimed in Claim 16, wherein said front face is 

circular having a concentric central portion and an 
annular outer portion, wherein only said central . ' 
portion is concave. 

15 18. An indirectly heated cathode for an ion source 
comprising a button member having a front face for 
emitting thermionic electrons, when in use, to form a 
plasma, said button member having a rear face opposite 
to said front face for exposure to electron heating in 
20 use, said rear face having a central portion and an 
exposed surrounding portion, said central portion 
protruding rearwardly relative to said surrounding 
portion, said button member comprising a collar piece 
and a slug piece secured in said collar piece, said 
25 slug piece protruding rearwardly to form said central 
portion of said rear face, wherein said slug piece 
provides a central portion of. said front face of the 
button member and said collar piece provides a 
peripheral portion of said front surface surrounding 
said central portion, said slug piece being secured in 
. said collar piece so as to provide a temperature 
difference between said slug piece and said collar 
piece when said central portion of said rear face of 
the button member is exposed to electron heating. 


30 


35 


19, A method of creating. a plasma for use in ion 
implantation comprising 
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providing an arc chamber with an indirectly 
heated button cathode having a button member with a 
front face for emitting thermionic electrons into said 
arc chamber for acceleration therein to form a plasma, 
5 forming a central portion of said face for 

emitting with a first material having a first 
thermionic work function, 

forming a peripheral portion of said face, around 
said central portion, with a second material having a 
10 second thermionic work function greater than said 
first work function, 

accelerating electrons, thermionically emitted by 
a filament onto a rear face of said button member 
opposite to said front face, to heat said button 
15 member to cause thermionic emission of electrons from 
at least said central portion of said front face of 
the button member, 

and electrically biasing said cathode to 
accelerate said thermionically emitted electrons from 
20 said front face of said button member to ionise gas 
molecules in said arc chamber to produce a plasma 
therein. 

20. A method of creating a plasma for use in ion 

25 implantation comprising 

providing an arc chamber with an indirectly 
heated button cathode having a button member with a 
front face for emitting thermionic electrons into said 
arc chamber for acceleration therein to form a plasma, 

30 forming at least part of said face for emitting 

to be concave, 

accelerating electrons, thermionically emitted by 
a filament onto a rear face of said button member 
opposite to said front face, to heat said button 

35 member to cause thermionic emission of electrons from 
at least said concave part of said front face of said 
button member. 
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and electrically biasing said cathode to 
accelerate said thermionically emitted electrons from 
said front face of said button member to ionise gas 
molecules in said arc chamber to produce a plasma 
5 therein. 

21. An ion source comprising an arc chamber having 
first and second opposed walls, 

an indirectly heated button cathode located in 
10 said first wall, and 

an electron reflector located in said second 
wall, said button cathode having a disc-shaped button 
member with a generally circular front face for 
emitting thermionic electrons, when in use, to form a 
15 plasma in said arc chamber, said front face for 

emitting having a central portion provided by a first- 
material having a first thermionic work function and a 
peripheral portion, around said central portion, 
provided by a second material having a second 
20 thermionic work function greater than said first work 
function, said electron reflector having a disc-shaped 
head member providing a generally circular reflecting 
face formed of said first material directed towards 
said front face of said button member, 
25 the ion source further comprising 

a magnet to provide a magnetic field in said arc 
chamber aligned between said front face of said button 
member and said reflecting face of said head member to 
confine electrons to a column extending in said arc 
30 chamber between said cathode and said electron ' 
reflector . 

.22. An ion source as claimed in Claim 21, wherein 
said first material is tantalum and said second 
35 material is tungsten. 


23. A method of creating a plasma for use in ion 
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implantation, comprising the steps of 

providing an indirectly heated button cathode 
having a button member with a front face and a rear 
face, said button member comprising a collar piece and 
5 a central slug piece secured in the collar piece, the 
slug piece providing respective central portions of 
said front and rear faces and the collar piece 
providing respective peripheral portions thereof, 

accelerating thermionic electrons preferentially 
10 onto said central portion of said rear face to heat 
the slug piece relative to the collar piece to cause 
thermionic emission of electrons from said central 
portion of said front face, 

providing a thermal barrier between the slug 
15 piece and the collar piece so that said central 

portion of the front face of the button member is 
hotter than said peripheral portion of said front 
face, ' 
and electrically biassing the cathode to 
20 accelerate said thermionically emitted electrons from 
said front face to ionise gas molecules to produce a 
plasma. 

24. A method of forming a button member for an 
25 indirectly heated cathode for an ion source, the 
button member having a front face for emitting 
thermionic electrons, when in use, to form a plasma 
and a rear face opposite said front face for exposure 
to electron heating in use, the method comprising the 
30 steps of 

a) providing a collar piece and a slug piece 
for securing in the collar piece so that the slug 
piece provides respective central portions of said 
front and rear faces and the collar piece provides 
35 respective peripheral portions of the front and rear 
faces ' surrounding said central portions, the collar 
piece having a central bore to accommodate the slug 
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piece wherein one of the central bore and the slug 
piece has a first length portion adjacent said front 
face which is sized to provide . a free fit between the 
collar piece and the slug piece along said first 
length portion and a second length portion adjacent 
said peripheral .portion of the rear face which is 
sized to grip the slug piece in the collar piece, the 
second length portion extending less than half of the 
total length of the bore, 

b) generating a temperature differential 
between the slug piece and the collar piece so that 
differential thermal expansion and/or contraction of 
the slug piece and the collar piece permits the slug 
piece to be a sliding fit in the collar piece over 
said second length portion, 

• c) inserting the slug piece in the bore in the 
collar piece, and 

d) allowing the temperature of the slug piece 
and the collar piece to equalise so that the slug 
piece is gripped in the collar piece at said second 
length portion and a thermal barrier is provided 
between the slug piece and the collar piece over said 
first length portion. 


St 
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